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Section 1 

Introduction 

Frequent flooding of Blacksnake Creek within the northwest part of the City of St. Joseph, 
Missouri, has initiated the Blacksnake Creek Section 205 Feasibility Study, which will ultimately 
determine a preferred design alternative for flood improvements and mitigation within the basin.   

Blacksnake Creek is a small tributary of the Missouri River that runs through St. Joseph, flowing 
in a predominantly south-southwesterly direction to its junction with the river.  The Blacksnake 
Creek basin includes residential, commercial, and industrial property within the city limits and 
possesses a total drainage area of 8.2 square miles.  Basin flows are conveyed by natural, open 
channels in the upper five square miles of the watershed, where the creek channel has an average 
capacity of 5,400 cfs and the floodplain is 400 feet wide with 0.008 feet per foot slope.  Typical 
channel dimensions are 40-feet wide by 10-feet deep. 

At Karnes Road, the flows are directed into a combined closed sewer system and conveyed to the 
Missouri River.  On many occasions, the capacity of the combined sewer inlet, which is a 12-foot 
by 12-foot reinforced concrete box culvert, is exceeded, causing flows to travel south over streets 
and lawns.  At least six major flood events have been recorded at this location, each resulting in 
major property damage.  The City of St. Joseph and The United States Army Corps of Engineers 
have designated improvements to the drainage basin as a high priority.  

This Geotechnical Reports summarizes the design and analyses of geotechnical aspects of the 
Blacksnake Creek Section 205 Feasibility Study project, including erosion protection and slope 
stability. 
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Section 2 

Geotechnical Analyses 

Review of Geological and Geotechnical Data 

Subsurface investigation of the Blacksnake Creek project area was performed by the USACE in 
January 2004, with geotechnical laboratory testing conducted in July 2004 by Geotechnology, 
Inc.  The data available from this investigation is limited; therefore, many assumptions have been 
made for the current level of design.  It is recommended that the final design contract include a 
more extensive geotechnical investigation and laboratory testing program.   

Site soils are predominantly lean clays.  Groundwater was encountered in three of six borings and 
was measured at levels ranging from 5.3 to 18.2 feet depth which correspond to an approximate 
elevation (EL) range of 894 to 877 National Geodetic Vertical Datum.  For the stability analysis, 
four separate clay layers were assumed from the geotechnical data:  Surface clay extending for a 
depth of three feet; Medium-Stiff Clay extending to EL 876; Soft Clay to EL 859; and a Stiff 
Clay layer below EL 859.  Table 1 below summarizes the subsurface stratification and shear 
strength properties assumed for the geotechnical analysis.   

Table 1.  Summary of Subsurface Stratification. 

    
Total Stress Effective Stress 

 
Depth 

 
Unit Weight Phi c Phi c 

Stratum  (feet) Elevation (pcf) (deg) (psf) (deg) (psf) 

Surface Clay 0 - 3 897 to 900 124 0 1000 32 0  

Med-Stiff Clay 3 - 24 876 to 897 124 0 870 32 0  

Soft Clay 24 - 41 859 to 876 124 0 410 24 0  

Stiff Clay 41+ Below EL 859 124 0 1000 32 0  
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The USACE Geological and Geotechnical Conditions report, boring logs, and laboratory testing 
results are included with Appendix A. 

Slope Erosion and Scour Protection 

The slopes of the detention basin shall be topsoiled to a minimum depth of four inches and seeded 
to establish vegetation.  Due to the tall height of most of the slopes, temporary erosion control 
blankets may need to be installed to minimize erosion until the grass is established.  Installation 
of the blankets will be determined by the timing and duration of the slope stabilization.  If 
hydroseeding can be accomplished in a timely manner, blankets would not be necessary.  Seed 
mixture, seeding rates and seeding methods should be coordinated with the City of St. Joseph, 
with hydroseeding recommended for quicker turf establishment. 

Existing soils are typically lean clays, which are considered moderately erodible.  Riprap sizing 
equations used a design velocity of 3.7 feet per second which is the velocity at the bank full 
condition.  The maximum shear stress for the bank full condition on straight reaches of the pilot 
channel does not exceed the permissible shear stress for a vegetated channel and will therefore 
not require stone protection.  However, the relatively sharp channel bends increase the maximum 
shear stress in those locations which will require rock riprap on the order of MO-DOT Type II 
Rock Ditch Liner (D50 = 6 inches). A riprap thickness of 2.0 feet is recommended for the pilot 
channel bends. 

On the west side of the proposed detention basin, there are two locations where the basin “juts 
out” forming a constriction of high flows with power pole islands on the east side of the basin.  
MO-DOT Type III Rock Ditch Liner Liner (D50 = 12 inches), with a total thickness of 3.5 feet is 
recommended for armoring these areas. 

Riprap is also recommended for downstream of the Savannah Road bridge/culvert.  No hydraulic 
data was available for flowrates and velocities at this location, so a velocity of around 
10 feet/second was assumed.  Per USACE riprap sizing methodology, this would require a rock 
with D50 around 12 inches (MoDOT Type III Rock Ditch Liner) installed with a thickness of 3.0 
feet.  The same minimum size riprap and thickness is assumed to protect the existing inlet 
structure for the proposed detention basin near Karnes Road. 

A 6-inch layer of riprap bedding is recommended at all riprap locations.  Riprap bedding 
gradation recommendation is as follows: 

o 100% passing 150mm (6 inches) 
o 75% to 95% passing 75mm (3 inches) 
o 35% to 75% passing 25mm (1 inch) 
o 10% to 40% passing 4.75mm (#4) 
o 5% to 25% passing 2mm (#10) 
o 0% to 10% passing 0.425mm (#40) 

Exhibit D-1, which shows the locations and sizes of proposed erosion protection, is included in 
Appendix D. 
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Slope Stability Analysis 

Excavation slopes for the Blacksnake Creek detention basin areas were analyzed for global 
stability using GEO-SLOPE SLOPE/W software.  Four separate conditions were analyzed.  All 
reflect a single typical basin excavation slope of 3H:1V from EL 900 to EL 876.  Analysis 
conditions and target factors of safety follow recommendations of USACE Design Manual 1110-
2-1902 Slope Stability.  Results of the analyses are listed below: 

Total Stress Condition 
Target Factor of Safety (FOS) = 1.30;  Actual FOS = 1.30.  This condition controls the slope 
angle.  Parameters were assigned based on available unconsolidated-undrained (UU) Q 
triaxial compression tests, unconfined compression (UC), N-value, and Torvane Shear test 
data in the 2004 soil boring logs.  Cohesive parameters were selected based on a 2/3 rule (2/3 
of the data points fall above the assigned value for each stratum).  Note that soil borings did 
indicate data points below the selected parameters, but the 2/3 rule for parameter selection 
was considered to be a reasonable approach. See Appendix B for additional data on parameter 
selection.   

Effective Stress Condition 
Target FOS = 1.50, Actual FOS = 1.73.  Effective stress parameters were based on Atterberg 
Limit correlations (EM 1110-2-2504, Table 3-7).  Consolidated-undrained (CU) R-BAR 
triaxial compression test data was available, however, a review of lab data sheets revealed 
inconsistencies between the table data and stress/strain plots.  The results of test data 
containing inconsistencies were ignored.     

Effective Stress Condition – Rapid Drawdown 
Target FOS = 1.1, Actual FOS = 1.20.  Rapid Drawdown of the storage pool from EL. 894 to 
876 was assumed for the analysis.  A staged drawdown with both effective and total stress 
input conditions was analyzed.   

Total Stress – Seismic Loading Condition 
Target FOS = 1.10, Actual FOS = 1.21.  Horizontal Acceleration of 0.02g was assumed based 
on USGS Seismic Hazard Map for 10% chance of exceedence in 50 years (peak ground 
acceleration).   

The analyses indicate that 3H:1V is a stable excavation slope based on the available data.  If 
subsequent investigations indicate softer clays than the current data, the slope angle may need to 
be decreased – at least in localized areas.  Since proposed excavation depths will be much less 
than the assumed 24 feet in most locations, the analysis can be considered conservative.  Stability 
analysis plates are included in Appendix B. 

Northwest Parkway Overflow Section 

A 100-year design event was assumed for the erosion protection at the south overflow section on 
Northwest Parkway.  The maximum water surface elevation for this event is El. 898.7, which 
results in an assumed height of water of 1.7 feet over Northwest Parkway.  The corresponding 
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maximum velocity at the 100-year event is 3.5 feet per second.  The roadway overflow section, 
with a low-point elevation of 897.0, will be overtopped by flows that occur at a frequency 
between the 25-year and 50-year design events. 

USBR riprap sizing calculations for overtopping sections call for large riprap, MO-DOT Type IV 
Rock Ditch Liner, with a minimum D50 of 19” and a total thickness of 3.5 feet on a 8H:1V slope 
which fits the existing topography.   Riprap of the same type and thickness was assumed on the 
upstream slope of the overflow section also.  Pavement for the overflow section should be 
Portland cement concrete, with a minimum thickness of 9 inches.   The concrete paved roadway 
section should extend for a minimum length of 350 feet, which would provide an extra 50 feet on 
each side of the 100-year overflow area.  It is recommended that a toe-wall be added to the 
downstream edge of the pavement down to a depth of 4.5 feet to protect against undermining of 
the pavement structure. 

If the City has concerns with the safety and aesthetics of large riprap, alternative erosion 
protection, such as concrete paving or articulated concrete blocks could be installed.  Vegetation 
could be established along the slope with certain articulated concrete block designs. 

Secondary Overflow Section 

At the south end of the proposed detention basin a secondary overflow section is present at the 
abandoned railroad right-of-way with a top elevation of 898, which would result in the section 
being overtopped at a higher design frequency event than the Northwest Parkway overflow 
section although still between the 25-year and 50-year recurrence intervals.  MO-DOT Type IV 
Rock Ditch Liner is recommended to ensure the structural integrity of the overflow section and 
adjacent roadway bridge embankment.  A thickness of 3.5 feet should be installed along the berm 
slopes and along the natural ground downstream through the confined bridge opening.  
Approximate extents of the proposed riprap protection are shown on Exhibit D-1 in Appendix D. 

Transmission Towers 

For the recommended alternative, the existing electrical transmission poles will be left intact and 
the excavation will leave berms or “islands” present in the constructed detention basin.  The 
3H:1V soil slopes are adequate for stability at these locations.  Due to the structural importance of 
the transmission poles, their presence within the detention basin, and their close proximity to the 
pilot channel, riprap erosion protection should be installed on the berms.  The same riprap design 
assumptions used for sizing erosion protection at the Savannah Road culvert outlet were used in 
determining the appropriate size and thickness for protecting the power pole islands.  A larger 
riprap size than used on the pilot channel bends, on the order of MO-DOT Type III Rock Ditch 
Liner (D50 = 12 inches), with a total thickness of 3.5 feet should be installed at these locations.  
Pilot channel slopes within the island areas should also be armored to ensure the channel remains 
in the established alignment.   
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Construction / Water Control Plan 

For the purposes of estimating, a flow of approximately 385 cfs, which is the capacity of the 
proposed pilot channel, was assumed necessary to accommodate during construction.  Due to 
using the existing creek alignment for the new pilot channel, a large temporary diversion channel, 
capable of accommodating this flow will need to be created during construction.  Preliminary 
sizing indicates a 3-foot-deep channel with a 20-foot-wide bottom and 3H:1V sideslopes will be 
necessary to handle the construction flow for Blacksnake Creek.  Erosion control measures 
including rock check dams will need to be included in the diversion channel.  Temporary 
diversion of the water from the east tributary will also be necessary, although it is assumed that a 
24” or 30” pipe could convey that drainage during construction.  From previous study 
information, Blacksnake Creek base flows -- exclusive of storm events -- are assumed to be 
around 3 cfs.   

A staged construction plan was assumed to facilitate soil stabilization in the basin and to handle 
the base flows in the diversion.  The contractor must consider construction staging, haul road 
access points within the construction site and haul routes outside of the construction area as major 
components of his construction plan. 

In essence, the majority of the excavation should be done while avoiding disturbance to the 
existing channel.  A basic construction sequencing list was developed and included at the end of 
this section.  Vegetated buffer strips, with maximum construction slopes of 1.5H:1V will be used 
to separate new excavations from the existing creek. 

Erosion control is of the utmost importance during the construction of the Blacksnake Creek 
improvements.  Storm water pollution prevention best management practices (BMP’s) will need 
to be utilized for all aspects of the project.  Development and adherence to the storm water 
pollution prevention plan (SWPPP) is critical.  The contractor will need to dedicate personnel to 
perform storm water management activities. 

Groundwater was encountered in boring holes at depths ranging from 5 feet to 18 feet below the 
surface (El. 900 to 877), which is near the level of proposed excavation.  Due to the nature of the 
clay soils present, it is not anticipated that well point systems will need to be employed during 
construction.  Groundwater, and surface runoff, should be directed to sumps preferably in corner 
locations that can serve as siltation basins.  Sump pumps will be used to pump the excess water to 
the storm sewer system.   

Staging and diversions could be facilitated if a significant portion of the excavation could be 
accomplished during the late fall and winter months of November through February, when 
average precipitation amounts are lowest.  Blacksnake Creek base flows exclusive of storm 
events are assumed to be around 3 cfs.  Therefore construction that avoids the wettest part of the 
year – typically April through September – would greatly affect the amount of surface water to be 
handled.   

Final design of the detention basin and pilot channel should account for the benefits of 
constructing the pilot channel on a new alignment, instead of following the existing creek bed.  



 

Blacksnake Creek Feasibility Study 2-6 Stanley Consultants  

Minor realignments of the pilot channel could help greatly with construction staging and directing 
flows away from the power pole islands. 

 

Geotechnical Recommendations for Proposed Box Culverts 

Since no new box culvert inlet or outlet structures were included in the recommended alternative, 
geotechnical recommendations for proposed box culverts were not developed. 

 

Material Quantity Assumptions 

 Mo-DOT Type II Rock Ditch Liner – 3,550 CY 
 Mo-DOT Type III Rock Ditch Liner – 15,900 CY 
 Mo-DOT Type IV Rock Ditch Liner – 10,850 CY 

 

Preliminary Construction Sequencing 

A preliminary construction sequence was developed within the constraints of the provided 
detention basin and pilot channel alignment.  It was included to illustrate assumptions and 
challenges of construction while accommodating Blacksnake Creek flows. 
 
Construction activities will be greatly influenced by the time of year, proposed alignment, and 
conditions for erosion control stabilization.  For the listed plan, construction was split into two 
different subareas:  Subarea 1, which is the detention basin south of Maxwell Road; and Subarea 
2, which lies to the north of Maxwell Road.  A construction staging exhibit (D-2) is included in 
Appendix D.  Depending upon available staging areas, the portion of Subarea 1 south of Karnes 
Road could be split into a separate subarea that could be constructed last. 

 

STAGE 1 CONSTRUCTION 

1) Install construction signage at road closure locations (Karnes Road, Maxwell Road);  
warning signs for hauling activities (Karnes Road, St. Joseph Road); and for 
construction traffic under power lines. 

2) Coordinate utility relocations and abandonments in each area of work prior to 
commencement of construction activities. 

3) Establish perimeter erosion control measures, and haul road locations (Karnes Road; 
Maxwell Road). 

4) Establish staging areas:  baseball field and parking lot can be utilized until those areas 
are excavated. 

5) Install riprap at the existing combined sewer box culvert inlet as preparation for future 
diversion discharges. 
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6) Install stream monitoring gages – upstream of project site for water level; near 
combined sewer inlet for turbidity and water level. 

7) Clear timber & brush from Subarea 1 (below Maxwell Road) and in Creek;  Grub only 
in areas to be graded – do not grub in existing creek.  Salvage timber to extent 
possible.   

8) Coordinate dewatering pump locations, conveyances, and discharge locations.  Assume 
ultimate discharge outfall into storm sewer structure. 

9) Demolish existing impacted utilities, roadways, parking areas, recreation facilities and 
related structures in Subarea 1.  Leave Maxwell Road grade and culvert intact. 

10) Strip topsoil from Subarea 1 detention basin and stockpile on site; stabilize stockpiles 
if topsoil will be undisturbed for more than 14 days. 

11) Excavate Subarea 1 detention basin – keeping a 10-foot wide buffer with 1.5H:1V side 
slopes between excavations and the existing creek, as well as new pilot channel 
excavation adjacent to existing creek. 

12) Excavate temporary diversion channel to the west of existing Blacksnake Creek; 
stabilize channel and side-slopes; Preliminary channel sizing calls for a 5-foot-deep 
channel with a 28-foot-wide bottom and 3H:1V sideslopes.  Keep earthen berms 
between diversion channel and existing creek. 

13) Excavate new permanent east tributary channel east of existing Blacksnake Creek; 
stabilize channel and side-slopes; Keep earthen berms between existing channel and 
new channel. 

14) Stabilize detention basin area and diversion channel area with temporary and 
permanent erosion control measures.  Areas must be stabilized before creek flows are 
introduced.  Tall sloped surfaces may require temporary erosion control blankets. 

15) After area is stabilized, divert Blacksnake Creek flows to diversion channel.  Install 
earthen berm at north junction to keep base flows out of existing channel.  Do not 
install separation berm at south junction in order to accommodate east tributary flows. 

16) Grub, excavate and grade at new east tributary junction; install pipe crossing across 
channel to convey and confine east tributary flows across new channel to temporary 
diversion channel. 

17) Install earthen separation berm at existing east tributary to direct flows to new channel 
and diversion channel. 

18) Install earthen separation berm at south junction of existing Blacksnake Creek and 
diversion channel. 

19) Grub, excavate and grade remaining existing/proposed permanent channel. 
20) Complete the platforms for power poles; install riprap on upstream slopes and slopes 

adjacent to the creek channel. 
21) Stabilize permanent channel with temporary and permanent erosion control. 
22) Remove buffer areas and stabilize. 
23) Remove earthen separation berms and divert base flows to the permanent channel 

location. 
24) Fill in diversion channel and stabilize graded area. 
25) Remove haul roads to Karnes Road and stabilize graded area. 
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STAGE 2 CONSTRUCTION 

26) Clear timber & brush from Subarea 2 and in Creek;  Grub only in areas to be graded – 
do not grub in existing creek. 

27) Coordinate dewatering pump locations, conveyances, and discharge locations.  Assume 
ultimate discharge into storm sewer structure. 

28) Demolish existing impacted utilities, and related structures in Subarea 2.   
29) Strip topsoil from Subarea 2 detention basin and stockpile on site;  stabilize stockpiles 

if topsoil will be undisturbed for more than 14 days. 
30) Excavate Subarea 2 detention basin and new channel areas – keeping a 10-foot wide 

buffer with 1.5H:1V side slopes between excavations and the existing creek. 
31) Excavate temporary diversion channel to the west of existing Blacksnake Creek where 

necessary; stabilize channel and side-slopes; Preliminary channel sizing calls for a 5-
foot-deep channel with a 28-foot-wide bottom and 3H:1V sideslopes.  Keep earthen 
separation berms between new channel/diversion channel and existing creek. 

32) Stabilize detention basin area, new channel and diversion channel area with temporary 
and permanent erosion control measures.  Areas must be stabilized before creek flows 
are introduced. 

33) After area is stabilized, divert Blacksnake Creek flows to diversion channel in Subarea 
2.  Install earthen separation berm at north and south junctions to keep base flows out 
of existing channel.   

34) Grub, excavate and grade remaining existing/proposed permanent channel. 
35) Complete the platforms for power poles; install riprap on upstream slopes and slopes 

adjacent to the creek channel. 
36) Stabilize permanent channel with temporary and permanent erosion control. 
37) Remove buffer areas and stabilize. 
38) Remove earthen separation berms and divert base flows to the permanent channel 

location. 
39) Fill in diversion channel and stabilize graded area. 

  

Recommendations for Additional Geotechnical Investigation 

It is recommended that an additional geotechnical investigation and laboratory testing program be 
conducted to verify the soil stratigraphy and shear strength parameters determined as part of this 
preliminary feasibility study.  Additional investigation into the erodibility of the soils is also 
recommended as part of the additional investigation. 
 
It is recommended that the geotechnical investigation consist of approximately 15-20 hollow-
stem auger borings, each with a depth of 50 feet, or refusal, whichever occurs first.    Soil boring 
locations should be selected based on critical components of the project.  For example, 
transmission tower pads, inlet and outlet locations, overflow embankments, and tall or otherwise 
critical embankment slopes.  Additionally, soil borings should be appropriately spaced around the 
perimeter of the project to provide adequate information about stratigraphy changes from one end 
of the project to the other.   
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It is recommended that soil borings include shelby-tube (for cohesive materials) and split-spoon 
(for granular materials) sampling at 5-foot intervals for the full depth of the soil borings.  A 
laboratory testing program would then be developed including moisture content testing, Atterberg 
limit testing, unconfined compression testing, and unconsolidated undrained and consolidated 
undrained with pore water pressure triaxial compression testing.  The tests should be well-
distributed throughout the soil boring depth to provide sufficient testing within each encountered 
stratum. 
 
Since the project involves excavation of material and not placement or embankment construction, 
there is no anticipated requirement for consolidation testing or standard proctor testing. 
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Appendix A 

USACE Geological and Geotechnical Conditions 
Report, Boring Logs and Laboratory Testing Results 
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GEOLOGICAL AND GEOTECHNICAL CONDITIONS 

1. Regional geology 
The northern Missouri area was glaciated during Nebraskan and Kansan time.  Most of the 

ground cover of the Tertiary and Quaternary Periods consists of alluvial clays, sand and gravels, 
glacial till and gravels, and clays and loess. Alluvial and eolian deposits from the middle to late 
Pleistocene are extensive in northern Missouri. Southwest of the project site in Wyeth Park 
Pleistocene deposits have been measured up to 120 feet thick. The measured section is made up 
of Bignell Silt, Peoria Silt, Farmdale Silt and Sangamon Soil, underlain by Nebraskan silt.  

 
The Pennsylvanian age bedrock of the Douglas Group is exposed along the river bluffs in St. 

Joseph.  The Douglas Group consists mostly of shale, but includes sandstone and limestone 
layers.  Basal limestones of the Shawnee Group outcrop in the hills of St. Joseph above the 
Douglas group.  

 
Buried river valleys from ancient drainage formed by several periods of previous glaciation 

have been mapped by inference in the area by Dreeszen and Burchett.  There is buried drainage 
from a major tributary under the southern part of St. Joseph and one just north near Amazonia 
that join together east of St. Joseph and continues to the present day Grand River valley.  These 
ancient tributaries are capable of producing large quantities of potable water. 

 
The silts and silts with clay encountered in the overburden were easily compressed either 

during the push or during the extrusion process.  The compressed samples did not have a lot of 
moisture in the matrix.  The Torvane readings taken along the sides of the sample were higher in 
the compressed samples than the uncompressed samples.  The silts and clayey silts that did not 
compress had a higher water content in the matrix and lower Torvane readings along the sides of 
the sample. Since water is not compressible, it appears that there are a lot of void spaces in the 
silts allowing compression. Unconsolidated soils, such as slough from a higher slope, would 
have more void spaces due to lack of compaction at the time of deposition. Settlement could be 
inferred from the compressibility of the samples. 

2. Topography 
The uplands in the area generally are strongly sloping to steep and highly dissected.  They 

slope mainly to the southeast, with the gradient of the slopes decreasing from west to east.  The 
elevations of the uplands are about 950 feet above sea level, and 765 feet of the bottomland.  
Relief influences soil formation 

3. Site Area Soils 
 The soils on the right riverbank of Blacksnake River consist of Colo silt loams, poorly 
drained soils in its low areas.  These soils formed in silty alluvium and the slopes ranged from 0 
to 2 percent.  The surface layer is very dark gray, friable silty clay loam, the subsurface layer is 
black, friable silty clay loam followed by the subsoil layer consisting of very dark, gray, firm 
silty clay loam.   The permeability is moderate and the surface runoff is slow.  The surface layer 
is friable and can be easily tilled throughout a moderate range in moisture content.  The shrink-
swell potential is high.  A seasonal high water table commonly is at a depth of 1 to 3 feet during 
extended wet period of time. 
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4. Subsurface Investigation 
4.1. Drilling and Sampling.  

The subsurface investigation for the Blacksnake Creek project was performed by a drill crew 
from the Kansas City District Corps of Engineers in January 2004.  The investigation consisted 
of performing a total of 6 (six) borings.  The boring locations plan view and the strip logs of the 
exploratory borings are shown in Enclosure 1.   
The borings AD-1 and AD-2 were drilled 15 feet deep in the proposed borrow area using a CME 
750 ATV drill rig.  A 3-¼ inch I.D. inner split barrel sampler was used to obtain sack and jar 
samples.  Alternating layers of silts and clays with interspersed fine sands were encountered 
throughout both borings to a depth of 15 feet. 
Borings ADU-3 and AD-4 were drilled at the location of the proposed levee, along the 
Blacksnake Creek to a depth between 15 and 16 feet.  Boring ADU-3 was drilled with a CME 
750 All Terrain Vehicle (ATV) drill rig using 3 ¾ inch I.D. hollow stem augers to advance the 
hole and a 1-⅜ inch split spoon for sampling.  Boring AD-4 was drilled using a Failing 1500 drill 
rig using a 5 inch box auger to advance the hole and a 1-⅜ inch split spoon for sampling.  
Undisturbed samples were collected from the boring ADU-3.  Alternating layers of silts and 
clays with interspersed fine sands were encountered throughout both borings to a depth of 15 
feet.  Limestone cobbles, cement debris and bricks were seen at the surface near the location of 
ADU-3, but no construction debris was encountered during drilling.   
Borings ADU-5 and ADU-6 were drilled at the location of the proposed Kern Road raise. Boring 
ADU-5, located on the southeast side of the project site near the concrete channel enclosure 
north of Karnes road, was drilled to 55.5 feet.  Continuous undisturbed samples were taken to 49 
feet and sampling then continued with S.P.T. every 2.5 feet to 55.5 feet where bedrock was 
encountered.  At 50.5 feet, augering was halted and the drilling method switched to mud rotary 
and a tricone bit.  Clays and silts with interspersed fine sand and a 1.3-foot thick sand with clay 
was encountered to 51.5 feet.  A 0.6-foot thick layer of gravel was found above the bedrock.  The 
bedrock encountered at 54.6 feet was a mudstone or possibly highly weathered shale.  One jar 
sample was obtained from the bedrock.  Boring ADU-6 is located closest to Karnes road on the 
southeast side of the project area.  The boring was drilled to the top of rock at 25.8 feet.  Clayey 
silts with fine sand interspersed were encountered to a depth of 24.4 feet. Beginning at 24.4 feet 
to the top of rock at 25.8 feet a gravel layer was encountered.  
Sand was encountered in only one of the boring locations.  At a depth of 6.0 feet in boring ADU-
an 1.3-foot thick sand layer was logged and sampled.  A layer of clayey-gravelly sand 8.4 feet 
thick was encountered starting at 46.2 feet.  A 1.4 feet thick layer of gravelly fat clay was 
encountered in ADU-6 starting at a depth of 24.4 feet. 
The borings were backfilled with neat cement grout to within 3 feet of the ground surface and 
topped with cuttings from the boreholes. The grout mix consisted of approximately 7.5 gallons of 
water to each bag of cement. The grout was tremied through drill pipe to the bottom of the 
boring. 
 

Boring information are summarized in Table 1: 
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Table 1 – Borings General Information 

Boring 
No. 

Investigative 
Purpose 

Total 
Depth 
(feet) 

No. of 
Undisturbed 

Samples 

No. of 
S.P.T. 

samples 

No. of Sack 
Samples 

Water 
Level 
(feet) 

Sand or gravel 
encountered (ft) 

AD-1 Borrow 15.0   3 None  
AD-2 Borrow 15.0   3 None  
ADU-3 Levee 15.5 6   None  
AD-4 Levee 16.0  8  5.3  
ADU-5 Road Raise 55.5 18 3  14.2 6.0-7.3, 46.2-54.6 
ADU-6 Road Raise 25.8 10 1  18.2 24.4-25.8 

4.2. Groundwater. 

Groundwater was encountered in 3 of the 6 borings. Water levels were taken at the start of the 
second day of drilling the 2 deeper borings ADU-5 and ADU-6.  Water level in AD-4 was taken 
2 hours after drilling was completed. 

4.3. Undisturbed Sampling.   

Thirty-four (34) undisturbed samples were collected from 3 borings (ADU 3, ADU-5 and   
ADU-6).  Each tube sample was extruded in the field and waxed after torvane strength 
determinations were run on the top, bottom, and midpoint and a jar sample retained from the 
base of the sample.  Laboratory testing on the undisturbed samples consisted of unconsolidated-
undrained triaxial compression tests (Q tests), consolidated undrained triaxial compression tests 
with pore pressure measurement (R-bar tests), consolidation tests and unconfined compression 
test.  The tests were done on samples collected from borings ADU-3, ADU-5, and ADU-6 to 
determine the geotechnical characteristics of the foundation soils for the road raise and the levee 
construction. 

4.4. Disturbed Sampling.   

Sixty (60) jar samples were collected from all borings.  Jar samples were obtained of 
representative materials encountered between two undisturbed samples, from SPT tests, and at 
the base of each undisturbed sample.  Laboratory testing on the jar samples consisted of 
determination of the moisture content and Atterberg limits.  The jars were grouped based on the 
visual classifications and Atterberg Limits done on representative sample of each group.  The 
soils will be classified based on Atterberg Limits and visual classification.  

4.5. Sac Samples. 

Six (6) sacs were collected from the proposed borrow areas.  Standard Proctor compaction tests 
conform ASTM D-698 were performed on the selected sac samples.  Unconsolidated-undrained 
triaxial compression tests (Q tests), consolidated undrained triaxial compression tests with pore 
pressure measurement (R-bar tests) and were performed on remolded samples compacted to 95% 
of density as obtained from the Standard Proctor tests.  

4.6. Laboratory Testing.  

4.6.1. General.   

Selected samples of material obtained during the field exploration were tested to determine the 
engineering and physical properties of the foundation soils and the borrow materials.  Laboratory 
tests were performed by Geotechnology, Inc., Kansas City.  The laboratory testing included 
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Atterberg Limits, natural moisture contents, shear strength parameters of undisturbed soil 
samples based on unconfined compression tests, unconsolidated undrained (UU) Q triaxial 
compression tests, and consolidated undrained (CU) R-BAR triaxial compression tests with pore 
pressure measurements, and consolidation tests.  Standard Proctor tests were performed on sac 
samples collected from the proposed borrow areas.  A summary of laboratory testing results is 
shown in Table 2 "SUMMARY OF LABORATORY TESTING RESULTS".
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Table 2 - SUMMARY OF LABORATORY TESTING RESULTS 
 
 

Boring    
# 

Depth   
(ft) 

Sample    
# 

Classif. 
Goup # 

LABORATORY TEST 

Moisture 
Content 

% 

Visual 
Classif. 

Atterberg Limits 
Unconfined 

Compression 
Strength 

(psf) 

Triaxial Standard Proctor 

Liquid 
Limit 
(LL) 

Plastic 
Limit 
(PL) 

Plasticity 
Index  
(PI) 

Liquidity 
Index 
(LI) 

Q Test      
c (psf) 

R-Bar Test 
 dmax 
(pcf) 

Optimum 
Moisture 
Content, 

% 

Total Strength Effective Strength 

 (
0
) c (psf)  (

0
) c (psf) 

AD-1 

0-2.0 J-1 6 25.4 CL                         
2.0-4.0 S-1   16.3 CL 37 22 15 -38   3080 11.5 1800 34.7 0 107 16 
2.0-4.0 J-2 6 19.9 CL                         
4.0-5.0 J-3 6 30.7 CL                         
5.0-8.0 S-2     CL 32 21 11                   
5.0-8.0 J-4 9 26.3 CL                         

8.0-10.0 J-5 9 27.7 CL 37 23 14 34                 
10.0-12.0 J-6 1 27.9 CL                         
12.0-15.0 J-7 1 29.0 CL                         

AD-2 

0.0-2.5 J-1 6 26.2 CL 36 21 15 35                 
2.5-5.0 J-2 5 24.3 CL 35 22 13 18                 
2.5-5.0 S-2     CL 32 22 10                   
5.0-7.5 J-3 5 24.2 CL                         

7.5-10.0 J-4 6 28.3 CL                         
10.0-12.5 J-5 6 24.4 CL                         
12.5-15.0 J-6 6 27.7 CL                         

ADU-3 

2.9-3.0 J-1 5 21.6 CL                         
1.0-3.0 WAX-1   21.7 CL 38 27 11 -48   1000 13.3 1000 32 0     
5.4-5.5 J-2 6 20.1 CL                         

7.9-6.00 J-3 6 23.5 CL                         
10.4-10.5 J-4 1 27.8 CL                         
12.9-13.0 J-5 1 27.9 CL                         
15.4-15.5 J-6 1 29.1 CL                         

AD-4 
0.5-1.0 J-1 5 24.6 CL                         
2.5-2.8 J-2 5 15.1 CL                         
4.5-5.7 J-3 3 25.0 CL                         
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Boring    
# 

Depth   
(ft) 

Sample    
# 

Classif. 
Goup # 

LABORATORY TEST 

Moisture 
Content 

% 

Visual 
Classif. 

Atterberg Limits 
Unconfined 

Compression 
Strength 

(psf) 

Triaxial Standard Proctor 

Liquid 
Limit 
(LL) 

Plastic 
Limit 
(PL) 

Plasticity 
Index  
(PI) 

Liquidity 
Index 
(LI) 

Q Test      
c (psf) 

R-Bar Test 
 dmax 
(pcf) 

Optimum 
Moisture 
Content, 

% 

Total Strength Effective Strength 

 (
0
) c (psf)  (

0
) c (psf) 

6.5-8.0 J-4 6 26.6 CL                         
8.5-10.0 J-5 1 29.0 CL                         

10.5-12.0 J-6 1 27.0 CL                         
12.5-14.0 J-7 10 28.5 CL                         
14.5-16.0 J-8 10 29.9 CL                         

ADU-5 

2.0-3.5 WAX-1   20.1 CL 41 19 22 -2 3920               
3.5-3.6 J-1 5 18.6 CL                         
4.5-6.5 WAX-2   29.6 CL 40 20 20 18   800 10 780 8.5 960     
6.4-6.5 J-2 5 23.6 CL                         
7.0-8.9 WAX-3   20.5 CL 40 19 21 14 2160               
8.9-9.0 J-3 1 21.9 CL 40 20 20 17                 

9.5-11.4 WAX-4   23.3 CL 39 21 18 28 1940               
11.4-11.5 J-4 4 26.0 CH 57 22 35 29                 
13.9-14.0 J5 6 32.0 CL                        
16.4-16.5 J-6 6 33.2 CL                         
18.9-19.0 J-7 6 32.6 CL                         
21.4-21.5 J-8 1 29.6 CL                         
23.9-24.0 J-9 10 27.1 CL                         
26.4-25.0 J-10 10 28.1 CL                         
28.9-29.0 J-11 10 29.9 CL                         
31.4-35.0 J-12 10 28.3 CL                         
33.9-34.0 J-13 1 26.2 CL                         
36.4-36.5 J-14 10 25.7 CL                         
38.9-39.0 J-15 10 25.8 CL                         
41.4-41.5 J-16 10 23.4 CL                         
43.9-44.0 J-17 2 18.7 CL Non-plastic                   
46.4-46.5 J-18 2 17.0 CL                         
49.0-49.5 J-19 3 18.7 CL                         
51.5-52.4 J-20 2 20.3 CL                         
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Boring    
# 

Depth   
(ft) 

Sample    
# 

Classif. 
Goup # 

LABORATORY TEST 

Moisture 
Content 

% 

Visual 
Classif. 

Atterberg Limits 
Unconfined 

Compression 
Strength 

(psf) 

Triaxial Standard Proctor 

Liquid 
Limit 
(LL) 

Plastic 
Limit 
(PL) 

Plasticity 
Index  
(PI) 

Liquidity 
Index 
(LI) 

Q Test      
c (psf) 

R-Bar Test 
 dmax 
(pcf) 

Optimum 
Moisture 
Content, 

% 

Total Strength Effective Strength 

 (
0
) c (psf)  (

0
) c (psf) 

54.0-54.6 J-21 2 13.7 CL                         
54.6-55.5 J-22 4 21.7 CH                         

ADU-6 

0.5-2.4 WAX-1   19.4 CL 40 20 20 19 3900               
2.4-2.5 J-1 6 23.8 CL                         
4.9-5.0 J-2 5 20.6 CL                         
5.5-7.4 WAX-3   23.0 CL 39 20 19 16 1780               
7.4-7.5 J-3 10 23.0 CL                         

9.9-10.0 J-4 8 21.2 CL 30 20 10 29                 
12.4-12.5 J-5 10 22.9 CL                         
13.0-14.9 WAX-6   23.2 CL 29 21 8 2                 
14.9-15.0 J-6 10 21.2 CL                         
17.4-17.5 J-7 10 22.5 CL 37 21 16 -6                 
19.9-20.0 J-8 10 20.1 CL                        

ADU-6 22.4-22.5 J-9 10 21.5 CL                         
24.9-25.0 J-10 10 22.3 CL                         
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4.6.2. Soil Classification Tests.  

In an attempt to characterize the site and to classify the soils, moisture content and Atterberg 
limits tests were conducted.  Overburden clay material was classified in accordance with ASTM 
D 2487 as lean clay (CL), except one sample that was determined to be fat clay.  The results of 
the 68 natural moisture content tests performed on disturbed and undisturbed samples show the 
moisture content ranges between 13.7 and 33.2 percent with the average of 24.4%.  The results 
of the Atterberg Limits tests performed on 18 samples of clay material are presented in Table 2 
and on Casagrande's plasticity chart in Figure 1.  As shown in Table 2, the soils encountered in 
the foundation consist of lean clays, with low plasticity index and high water content, except one 
sample within a thin layer of fat clay with high plasticity encountered in Boring ADU-5 at a 
depth of 11.5 feet from the surface.  The Liquid Limit (LL) varies between 29 and 41 percent 
with one exception where the LL was found to be 57.  The Plastic Limit (PL) varies between19 
and 27 with an average of 21. 

Figure 1 – Atterberg Limits 

Atterberg Limits
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4.6.3. Consolidation Tests.   

One consolidation test was performed on undisturbed clay samples collected in Boring ADU-5 
between 4.5 and 6.5 feet below existing grade.  A summary of consolidation test results is shown 
in Table 3.   

TABLE C-8 - CONSOLIDATION TESTS SUMMARY 

Boring 
No. 

Sample 
No. 

Depth 
feet 

Elev. 
ft 

Moist. 
% 

LL 
 

PL 
 

PI 
 

LI 
 

Cc 
  

Cr 
 e0 

Pp 

tsf 

ADU-5 Wax-2 4.5-6.5 890 29.6 40 20  20 18 0.138 0.013 0.9222 1.6 
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4.6.4. Unconfined Compression Tests 

A total of five (5) unconfined compression tests were performed on undisturbed samples 
collected form the borings ADU-5 and ADU-6 at depth varying between 2 and 15 feet below the 
existing surface.  The results of the unconfined compression tests are shown on Table 2.  The soil 
shear strength varies between 1780 psf and 3900 psf, with strength decreasing with the depth.  

4.6.5. Triaxial Compression Tests.  

Unconsolidated undrained (UU) Q triaxial compression tests. Three (3) unconsolidated 
undrained (UU) Q triaxial compression tests were performed, one of them on remolded sample 
from the borrow area and 2 tests on undisturbed samples collected from borings ADU-3 and 
ADU-5, at a depth of 1 to 3 feet and 4.5 to 6.5 feet respectively.  The remolded sample collected 
from the proposed borrow area was compacted at approximately 95 percent Standard Proctor 
maximum density, determined by ASTM D-698-91, adjusted to a range between 2 and 3 percent 
above optimum moisture content.  A series consists of three Q tests conducted on three 
specimens trimmed from a single Shelby tube sample.  The test series were conducted at 
confining pressures of 1 tsf.  Results of the Q triaxial compression tests are provided in Table 2. 

 
Consolidate Undrained (CU) triaxial tests (R-Bar).  Two (2) test series of consolidated 

undrained (CU) triaxial tests with pore water pressure measurements were performed on 
undisturbed samples collected from SADU-3 and ADU-5 at depths up to 6.5feet below the 
existing ground surface.  One CU test was performed on remolded sample, collected from the 
proposed borrow area, compacted at approximately 95 percent Standard Proctor maximum 
density, determined by ASTM D-698-91, adjusted to a range of between 2 to 3 percent above 
optimum moisture content.  A consolidated undrained test series consists of three tests conducted 
on three specimens trimmed from a single Shelby tube sample, saturated and consolidated at 
different confining pressures to define the strength envelope.  The test series were conducted at 
confining pressures of 0.5, 1, and 2 tsf.  Shear strength in terms of effective strength (S strength) 
were established from the CU tests by measuring the induced pore water pressures.  Results of 
the CU triaxial tests in terms of effective and total strength parameters are provided in Table 2.   
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FAT CLAY
MEDIUM
DAMP TO MOIST
BROWN TO DARK BROWN
 -rootlets
 -contains sparse, occasional very fine sand, < 15%

CLAYEY SILT
MEDIUM
DAMP
BROWN TO DARK BROWN
 -contains sparse occasional very fine sand, < 15%

FAT CLAY
MEDIUM
DAMP TO MOIST
BROWN & GREENISH GRAY
 -contains sparse, occasional very fine sand, < 15%

Bottom of Hole

SHEET  1  of  1

Backfill with Portland cement dry bagged to 3.0' BGS and topped with spoils.
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

CME 750, 3 3/4" Hollow Stem Auger
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MEDIUM
BROWN
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 -rootlets
 -contains <15 % very fine sand
FAT CLAY
MEDIUM
DAMP
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 <contains 15% very fine sand occasionally
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MOIST
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 <contains 15% very fine sand occasionally

BOH
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Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.
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FAT CLAY
SOFT
DAMP
BROWN TO DARK BROWN
 -rootlets

CLAYEY SILT
STIFF
DAMP
BROWN
 < 15% very fine sand
 -sparse occasional rootlets
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FAT CLAY
MEDIUM
DAMP TO MOIST
BROWN
 -rootlets
FAT CLAY
STIFF
DAMP
BROWN TO REDDISH BROWN
 -contains sparse, occasional very fine sand, <15%

FAT CLAY
STIFF TO MEDIUM
DAMP
BROWN
 -contains sparse, occasional very fine sand, <15%
FAT CLAY
STIFF TO MEDIUM
DAMP
BROWN
 -contains sparse, occasional very fine sand, <15%
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T = .65, .6, .5

SHEET  1  of  1

Backfill with 2 bags Portland cement dry bagged and topped with spoils.
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

CME 750, 3 3/4" Hollow Stem Auger, 5" Shelby Tube
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SHEET  1  of  3

Backfill with grout tremied to 2.0' BGS with 8 bags of portland cement, topped with
spoils
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

Failing 1500, 5 inch box auger, 5" shelby tube, 1 3/8" standard split spoon
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REMARKS:

GROUNDWATER INFORMATION:

FAT CLAY
MEDIUM
DAMP TO MOIST
BROWN
 -rootlets
SILTY LEAN CLAY WITH SAND
STIFF TO VERY STIFF
DAMP
BROWN TO DARK BROWN
 -fill
 -contains sparse, occasional fine to coarse limestone gravel up
to 2" in size <15%
 -contains very fine to fine sand, <15%
FAT CLAY
MEDIUM
DAMP
BROWN TO LIGHT BROWN
 -contains occasional very fine sand <15%
CLAYEY SAND
DENSE TO MEDIUM DENSE
DAMP
BROWN TO DARK BROWN
 -contains very fine to fine sand 45% to 55%
FAT CLAY
STIFF
DAMP
BROWN TO DARK BROWN
 -sparse occasional very fine to fine sand <15%
FAT CLAY
STIFF
DAMP
BROWN TO LIGHT BROWN
 -sparse occasional very fine to fine sand <15%
SANDY FAT CLAY
MEDIUM TO STIFF
DAMP TO MOIST
DARK GRAY
 -contains very fine to fine sand 30% to 40%
 -poorly laminated
SANDY FAT CLAY
MEDIUM
MOIST
DARK GRAY
 -contains very fine to fine sand 30% to 40%
 -poorly laminated
SANDY FAT CLAY
MEDIUM TO STIFF
DAMP TO MOIST
DARK GRAY

T = .3, .25, .25

T = .55, .25, .75

T = .85, .7, .6

T = .4, .4, .2

T = .4, .35, .2

T = .3, .35, .4
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T = .55, .55, .55

T = .6, .6, .6

 -contains very fine to fine sand 30% to 40%
 -poorly laminated
SANDY FAT CLAY
MEDIUM
DAMP
DARK GRAY
 -contains very fine to fine sand 25% to 35%
 -poorly laminated
SILTY LEAN CLAY WITH SAND
MEDIUM TO STIFF
DAMP
DARK GRAY TO DARK GREENISH GRAY
 -contains 15% to 25% very fine sand
 -20.4' to 20.5' layer containing very fine to medium sand in
matrix
 -20.8' to 21.1' layer containing very fine to coarse sand in matrix
SILTY LEAN CLAY WITH SAND
MEDIUM TO STIFF
MOIST TO WET
BROWN TO LIGHT BROWN
 -contains 15% to 25% very fine sand

SILTY LEAN CLAY
STIFF
DAMP TO MOIST
BROWN
 -contains <15% very fine sand

SANDY FAT CLAY
STIFF

T = .3, .4

T = .2, .2, .2

T = .2, .3, .25

T = .3, .3, .3

T = .2, .15, .15

T = .3, .4, .4

SHEET  2  of  3

Backfill with grout tremied to 2.0' BGS with 8 bags of portland cement, topped with
spoils
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

Failing 1500, 5 inch box auger, 5" shelby tube, 1 3/8" standard split spoon
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N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - TORVANE EQUALLY SPACED ALONG SAMPLE
R - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION
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T = .35, .35, .35

T = .25, .4, .25

T = .25, .15, .2

N = 33

N = 30

N = 52

MOIST
BROWN
 -with silt
 -contains 20% to 30% very fine to fine sand

CLAYEY SAND
DENSE
WET
BROWN
 -contains 50% to 60% very fine to coarse sand

CLAYEY SAND
MEDIUM
SATURATED
BROWN
 -contains 55% to 65% very fine to coarse sand, sparse fine
gravel

SANDY GRAVEL
MEDIUM
SATURATED
BROWN
 -contains 40% to 50% fine to coarse gravel up to 1" diameter,
poorly sorted
 -contains 30% to 40% fine to coarse sand, dominately medium
to coarse
MUDSTONE
SOFT
DENSE TO VERY FINE GRAINED
GREENISH GRAY AND ORANGE
 -poorly laminated
BOH

SHEET  3  of  3

Backfill with grout tremied to 2.0' BGS with 8 bags of portland cement, topped with
spoils
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

Failing 1500, 5 inch box auger, 5" shelby tube, 1 3/8" standard split spoon
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GROUNDWATER INFORMATION:
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DESCRIPTION OF STRATUM

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - TORVANE EQUALLY SPACED ALONG SAMPLE
R - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION

LABORATORY DATADRILLING METHOD(S):
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FAT CLAY
MEDIUM TO STIFF
DAMP
BROWN TO DARK BROWN
 -<15% very fine sand
 -silty

FAT CLAY
STIFF
DAMP
BROWN TO LIGHT BROWN
 -<15% very fine to fine sand
 -silty

ELASTIC SILT
STIFF
DAMP
BROWN TO LIGHT BROWN
 -<15% very fine to fine sand
 -clayey

FAT CLAY
STIFF
DAMP
BROWN TO LIGHT BROWN
 -<15% very fine to fine sand
 -silty

FAT CLAY
STIFF

T = .55, .9, .75

T = .55, .6, .5

T = .55, .55, .7

T = .85, .9, .65

T = .7, .55, .65

T = .4, .35, .55

T = .65, .45, .55

T = .45, .55, .6

SHEET  1  of  2

Backfill with grout tremied to 2.0' BGS with 3 bags of portland cement, topped with
spoils to ground surface
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

Failing 1500, 5 inch box auger, 5" shelby tube, 1 3/8" standard split spoon
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DESCRIPTION OF STRATUM

N - STANDARD PENETRATION TEST RESISTANCE
P - POCKET PENETROMETER RESISTANCE
T - TORVANE EQUALLY SPACED ALONG SAMPLE
R - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION

LABORATORY DATADRILLING METHOD(S):
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DAMP
LIGHT BROWN TO LIGHT REDDISH BROWN
 -silty

GRAVELLY FAT CLAY
STIFF
DAMP TO MOIST
LIGHT BROWN TO LIGHT REDDISH BROWN
 -silty
 -contains fine to 30% to 40% coarse limestone gravel and
cobbles up to 6" in diameter
GRAVELLY FAT CLAY
STIFF
SATURATED
LIGHT BROWN TO LIGHT REDDISH BROWN
 -silty
 -contains fine to 30% to 40% coarse limestone gravel and
cobbles up to 6" in diameter
BOH

T = >1, >1, >1

T = >1, >1, .6

N = 50

SHEET  2  of  2

Backfill with grout tremied to 2.0' BGS with 3 bags of portland cement, topped with
spoils to ground surface
Coordinates Trimble Hand GPS US State Plane MO west 2403 NAD 83 feet.

Failing 1500, 5 inch box auger, 5" shelby tube, 1 3/8" standard split spoon
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R - ROCK CORE RECOVERY
RQD - ROCK QUALITY DESIGNATION
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Blacksnake Creek Feasibility Study B-1 Stanley Consultants  
 

Appendix B 

Stability Computations 



1.819

Filename:  Blacksnake_02c.gsz
Computed:  JRJ          Date:   12/10/2012
Checked:                     Date:  

Blacksnake Creek  
Excavation Stability Analysis
Total Stress Condition 1
  

3H : 1V

Soft Clay: g = 124 pcf; phi = 0 deg; c = 510 psf

Stiff Clay: g = 124 pcf; phi = 0 deg; c = 1000 psf

Surface Clay: g = 124 pcf; phi = 0 deg; c = 1100 psf

EL 876

Medium-Stiff Clay: g = 124 pcf; phi = 0 deg; c = 920 psf

EL 900

Distance (ft)
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1.297

Filename:  Blacksnake_02b.gsz
Computed:  JRJ          Date:   12/10/2012
Checked:                     Date:  

Blacksnake Creek  
Excavation Stability Analysis
Total Stress Condition 2
  

3H : 1V

Soft Clay: g = 124 pcf; phi = 0 deg; c = 510 psf

Stiff Clay: g = 124 pcf; phi = 0 deg; c = 1000 psf

Surface Clay: g = 124 pcf; phi = 0 deg; c = 1100 psf

EL 876

Medium-Stiff Clay: g = 124 pcf; phi = 0 deg; c = 920 psf

EL 900

Distance (ft)
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1.733

Filename:  Blacksnake_03b.gsz
Computed:  JRJ          Date:   12/10/2012
Checked:                     Date:  

Blacksnake Creek  
Excavation Stability Analysis
Effective Stress Condition 1
  

3H : 1V

Soft Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

Stiff Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

Surface Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

EL 876

Medium-Stiff Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

EL 900

Distance (ft)
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1.876

Filename:  Blacksnake_03a.gsz
Computed:  JRJ          Date:   12/10/2012
Checked:                     Date:  

Blacksnake Creek  
Excavation Stability Analysis
Effective Stress Condition 2
  

3H : 1V

Soft Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

Stiff Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

Surface Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

EL 876

Medium-Stiff Clay: g = 124 pcf; phi = 32 deg; c = 0 psf

EL 900

Distance (ft)
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